Introduction
It is estimated that about 1.1 billion people worldwide practice open defecation as a result of lack of access to sanitation facilities.
Diseases caused by open defecation are preventable and disproportionately affect the poor. Millions of people contract fecal-borne diseases, most commonly diarrhea and intestinal worms, with an estimated 1.7 million people dying each year because of unsafe water, hygiene and sanitation practices (WHO/UNICEF, 2010) . In Indonesia 110 million people lack access to proper sanitation and 63 million practice open defecation (WHO/UNICEF, 2012) . Two of the four main causes of death for children under five in Indonesia (diarrhea and typhoid) are fecal-borne illnesses linked directly to inadequate water supply, sanitation, and hygiene issues (Ministry of Health, 2002) . About 11 percent of Indonesian children have diarrhea in any two-week period and it has been estimated that more than 33,000 die each year from diarrhea (Curtis, 2004) . By reducing normal food consumption and nutrient absorption, diarrheal diseases and intestinal worms are also a significant cause of malnutrition, leading to impaired physical growth hygiene interventions in seven locations around the world. 1 This paper presents the results of the Indonesian evaluation. We report the impact of CLTS on outcomes of interest along the causal chain as improvements in sanitation have the potential to lead to a decrease in parasitic infestations, a decrease in anemia, and an increase in weight and height for young children. We rely on objective measures of impact-physical inspection of sanitation facilities, blood and fecal samples, and physical anthropometric measures. The evaluation results show that CLTS modestly increased the rate of toilet construction, decreased community tolerance of open defecation, and reduced the prevalence of roundworm infestation. There is no discernible impact on the other health measures and when we generate an overall health index including roundworm infestation, anemia, height and weight, there is no significant treatment effect. Allowing for heterogeneous treatment effects shows that the program is less effective among poorer households.
In addition to poverty status, we examine two other sources of heterogeneity in program impact. An important component of the intervention is that it sought to create a large-scale sustainable program across the country. 2 WSP contracted resource agencies to implement the program in a set number of villages. The resource agencies were also contracted to train local government staff to implement the program themselves (partly through the observation of one or more of the resource agencies' implementations). During the phase of the project we evaluate, the resource agencies and local governments were implementing the program simultaneously. Approximately half of our treatment villages were treated by the resource agencies (RA) and the other half by local government (LG). This allows us to examine how program impact varies with the identity of the implementer and hence evaluate the scaleup process. As villages were not randomly allocated to implementing teams, the estimates examining this form of heterogeneity rely on the assumption that there are no unobserved differences between RA and LG villages which could be causing a differential impact. Discussions with WSP suggest there was no systematic process of assignment and tests of household and village baseline characteristics by implementer status show no significant differences. We find that while statistically significant program impacts are observed in communities where the program was implemented by a resource agency, local government implementation produced no discernible 1 CLTS was implemented in Indonesia, Tanzania and two locations in India. Handwashing interventions were implemented in Peru, Vietnam, and Tanzania. Results from the CLTS evaluations are reported in Patil et al. (2014) and Briceno et al. (2017) , for India and Tanzania respectively. Both find increases in the ownership of improved sanitation (15 percentage point increase -from 50 to 65% -in Tanzania and 19 percentage points in India -from 22 to 41%). The Indian program is called the Total Sanitation Campaign and pairs the CLTS approach with toilet construction subsidies. An additional study, Pickering et al. (2015) , conducted a clustered RCT of CLTS in Mali and finds increased toilet construction, no change in diarrhea prevalence but improvements in child growth. 2 Recently there has been a push for a greater use of randomized experiments "at scale" (Davis et al., 2017; Muralidharan and Niehaus, 2017) .
benefits. 3 Second, we examine the role of social capital. As its name suggests, CLTS is a participatory development project in which facilitators are sent to villages to initiate a community analysis of existing sanitation practices and a discussion of the negative health consequences of such practices. The community actively participates in the facilitated meeting and is then left to forge its own plan to improve village sanitation with only limited follow-up support and monitoring from the program. Given CLTS' emphasis on community involvement, one might expect that it would function best in communities with high pre-existing levels of social capital. We define social capital as the norms and networks that enable collective action. 4 Since social capital is not randomly allocated to villages, estimating these heterogenous treatment effects assumes that there are no unobserved variables which differ between low and high social capital communities that could be driving the results. While we cannot rule out that this might be the case, the stability of the estimates when a wide array of control variables are included suggests it is unlikely that the estimates are biased due to omitted variables (Altonji et al., 2005) .
We find that baseline social capital is an important determinant of program effectiveness. High levels of community participation at baseline are strongly associated with increased toilet construction in treatment communities. However, in communities with low levels of social capital at baseline, significantly fewer toilets are constructed. We present results consistent with villages with higher initial community participation being more able to align community members' objectives with those of the program through the use of social sanctions. Our results thus constitute a caution about using participatory approaches in low social capital settings. At the very least they suggest that more intense involvement of project facilitators and general project support may be warranted in locations with demonstrably low social capital.
The paper proceeds as follows. Section 2 provides details of the intervention, the experimental design and data collection. Sections 3 and 4 explain the estimation strategy and present the main impact evaluation results. Section 5 examines heterogeneous treatment effects. Section 6 concludes.
Intervention and study design
CLTS was initially developed in Bangladesh in 1999 by sanitation practitioner, Kamal Kar. It is now being widely implemented in more than 60 countries around the world (Wells and Sijbesma, 2012) , having 3 We are aware of only a small number of studies that conduct rigorous quantitative evaluations of the scaling up process, all of which highlight the many unforeseen difficulties in scaling up projects and the need to carefully evaluate the scale up process. Bold et al. (2013) find that an educational intervention increased student test scores when implemented by an NGO in Western Kenya but failed to increase scores when replicated at scale by the government. Grossman, Humphreys and Sacramont-Lutz (2015) finds that the high take-up by marginalized populations of new low-cost technology that allows constituents to engage with their local politicians could not be replicated when scaled to comprehensively cover half the country. A more promising outcome is reported in Banerjee et al. (2017) and Banerjee et al. (2016) who build on knowledge gained through previous failed attempts to effectively scale up the "Teaching at the Right Level" program. Further, Duncan and Magnuson (2013) , in a review of the impacts of pre-school programs, note that the results from programs implemented for large and representative populations are generally much smaller than those found for small-scale pilot programs. 4 Many related definitions of social capital exist which generally incorporate preferences that inform interactions amongst individuals in a pro-social manner, such as altruism, trust and reciprocity; and/or a set of underlying community networks that can be used by individuals for private or public benefit (Durlauf and Fafchamps, 2005) . See also Putnam et al. (1993) , Coleman (1988) and Grootaert et al. (2002) . been adopted by many international NGOs (for example, Plan International, UNICEF, Care, World Vision) and the World Bank. Governments are increasingly taking the lead in scaling up CLTS with many having adopted CLTS as national policy. CLTS is viewed by many in the water and sanitation sector as the most promising approach to improving sanitation currently available.
The program is a community-led approach that focuses on creating demand for sanitation, in contrast to the traditional approach of supplying sanitation hardware (Sah and Negussie, 2009) . CLTS facilitators are sent to villages to initiate a community analysis of existing sanitation practices and a discussion of the negative health consequences of such practices. The community actively participates in the facilitated meeting and is then left to forge its own plan to improve village sanitation with only limited follow-up support and monitoring from the program. These discussions, or "triggerings" are held in public places and are open to all. They involve a "walk of shame," during which the facilitator helps people analyze how fecal contamination spreads from exposed excreta to their living environments and food and drinking water. A map of the village is drawn on the ground and villagers are asked to indicate where they live, where they defecate, and the routes they take there and back. This illustrates that everyone is ingesting small amounts of each other's feces which is intended to lead to individual and collective decisions to improve community health by becoming an open defecation free (ODF) community. ODF status is verified by local government agencies and community members. 5 In contrast to other approaches that have been used widely in the past in Indonesia and elsewhere, no funding for infrastructure or subsidies of any kind is provided. CLTS founders believe that CLTS is less effective when subsidies are available (Kar and Pasteur, 2005) . They argue that the existence of subsidies causes people to postpone investing in sanitation in the hope that they will receive a subsidy and that subsidies instill a culture of dependency rather than selfdetermination. The lack of subsidies also makes the program much less expensive and savings can be utilized to spread and scale up the { }program.
Randomization design and data collection
In Indonesia CLTS was rolled out across all 29 rural districts in the province of East Java. East Java is Indonesia's second most populous province with approximately 38 million residents. Eight of the 29 rural districts in East Java were involved in the impact evaluation. 6 In each district ten villages were randomly selected to participate in the impact evaluation as treatment villages and ten were randomly selected to act as control villages. The district offices were free to implement the program in other villages, other than the control villages. Most district offices implemented the program in 40-70 villages, with the program 5 In Indonesia the program is called Total Sanitation and Sanitation Marketing (TSSM) or in Indonesian, Sanitasi Total & Pemasaran Sanitasi (SToPS). It consists of a CLTS demand-side component and also a supply-side component which seeks to support the development of the local sanitation market. The supply-side component was however not well developed at the time of the evaluation (Cameron et al., 2013) . For more information on CLTS see http://www. communityledtotalsanitation.org/page/clts-approach.
6 East Java's 29 rural districts were divided into three groups: Phase 1 districts received the program first, Phase 2 districts received it next, and Phase 3 districts received it last. The evaluation was conducted in Phase 2 districts. Phase 2 was chosen largely on the basis of timing. Evaluating the program in Phase 2 districts provided sufficient time for the baseline survey to be conducted prior to program implementation. Many of the start-up issues confronted in Phase 1 were sorted out by Phase 2 so the evaluation provides an impact estimate which is more representative of what could be expected from a national scaling up of the program following such large-scale piloting.
intending to reach a total of 1.4 million people across all rural districts in East Java (Cameron and Shah, 2010) . Randomization was conducted at the village level, stratified by sub-district. 7 There was only partial compliance with the randomization assignment. Of the 80 treatment villages, the endline survey data reports that 53 villages (66 percent) were triggered and 13.8 percent of the control villages were exposed to the program. Non-compliance was largely a result of district governments changing some of their target communities after the randomization plan had been agreed upon. Program administrative data collected as part of the CLTS program reports a higher percentage of treatment villages (83 percent) and a smaller percentage of control villages (4%) received the treatment. Below we estimate the average treatment effect across villages that were assigned to treatment, that is Intention-to-Treat (ITT) estimates.
Two waves of household data were collected. The baseline survey was conducted just prior to program implementation in August-September 2008. Within each village, approximately thirteen households were randomly selected to be surveyed. The endline data collection was conducted approximately 24 months later, between November 2010 and February 2011. The surveys collected a wide variety of information on the households including demographic information, a detailed sanitation module (including physical observations of household sanitation facilities which are used to verify household reports), and a child health module (including fecal samples to allow testing for parasitic infestations, blood tests for anemia, and anthropometric measurements). Fecal samples were collected by leaving a stool specimen container containing a preservative (formalin) with the child's carer and requesting that he/she deposit approximately 5 g of the child's feces in the container the next time the child defecates. The specimen was collected the next day. Preserved stool samples were sent to the public health office in Yogyakarta for analysis using the Kato-Katz technique (Katz et al., 1972) . The fecal samples were tested for hookworm, roundworm, and whipworm. Prevalence of hookworm and whipworm was extremely low in the sample, with less that 1% testing positive for either of these types of worms, so we only use roundworm in the analysis. Hemoglobin was measured using HemoCues on a pinprick blood sample collected by trained field staff. Height and weight were measured using the standardized protocols developed by the Demographic and Health Surveys, see ICF International (2012) .
To enable an examination of impacts on child health, households with children under the age of two were prioritized, with all surveyed households required to have at least one child under the age of five at baseline. Community level demographic data and information on infrastructure were also collected. In addition, a social capital module was conducted. Budgetary considerations restricted the social capital module to a randomly chosen six of these eight districts. 8 Program administrative data identifies the implementing agency in each village.
Our total sample consists of approximately 2000 households spread across 160 rural villages in eight districts, with data on social capital available for approximately 1600 households spread across 120 villages in six of these districts.
Empirical strategy
Our empirical approach is to present ITT estimates of program impact on the outcomes of interest. This is done by estimating equa-tion (1) below:
where Y ij is the outcome measure for household i in village j; T j is the treatment dummy, which equals 1 for households in the treatment group, and 0 otherwise; K is a set of sub-district (kecamatan) dummy variables which are included because the randomization was stratified at this level. The sub-district effects also control for any differences in implementation across the eight districts. In some specifications, we also include a vector of household and village characteristics (X ij ) as additional right-hand side control variables. The household variables are household size, the household head's age and educational attainment, household composition, log per capita household income, eligibility for low income support and dwelling characteristics; and the village variables are village population, village land area, the percentage of the village which is Muslim, whether there is a paved road to the nearest city, average years of education of household heads, whether a river flows through the village, and the percentage of households in the village who open defecated at baseline. ij is the error term, and all specifications cluster the standard errors at the village level.
The causal average treatment effect is given by 1 if the randomization was effective. Table 1 uses the 2008 baseline survey data to compare characteristics of treatment and control groups. It shows that the means of a range of variables are similar in magnitude for the two groups and we cannot reject that they are equal for most of the variables. For the key outcome variables (sanitation, child health outcomes, attitudes toward open defecation), balance is achieved. The demographic and socio-economic characteristics are also similar across treatment and control groups. The baseline report provides tests of balance on a more extensive set of variables (Cameron and Shah, 2010) .
When examining heterogeneity of impact, we include interactions of T j with the relevant variables -poverty status of the household; whether the village was assigned to be treated by a resource agency (RA) or by the local government (LG); and baseline social capital. We discuss the issue of balance with respect to the relevant sub-samples in the analyses below. Table 2 reports the ITT estimates for the main outcomes of interest-toilet construction, attitudes toward open defecation, knowledge of the causes of diarrhea and child health outcomes. Control variables are included in these specifications. Table A1 in the appendix reports results when control variables are not included. The results are similar.
Empirical results
We first examine whether CLTS treatment was successful in stimulating demand for sanitation (column 1). Households report whether they built a toilet between baseline and endline. This report is verified at the end of the interview by an inspection of the household's sanitation facilities. Table 2 shows that treatment increases toilet construction by 2.4 percentage points. This constitutes a 19 percent increase in toilet construction relative to control communities.
CLTS is hypothesized to stimulate demand for sanitation by inducing shame associated with open defecation. It also imparts information on the negative health consequences of poor sanitation. Column 3 reports the results of whether treatment impacts a measure reflecting the degree to which the respondent agrees (disagrees) with negative (positive) views of open defecation. There is a small decrease in the community's tolerance of open defecation in treatment communities relative to control communities. The program does not affect knowledge of the causes of diarrhea (unclean water, not washing hands, open defecation, etc.) which may be due to knowledge being quite high already, with the mean score in control communities being 4.9 out of 6 (column 5). 9 The ultimate aim of CLTS is to improve sanitation so as to improve community health, particularly child health. We examine the health impacts along the causal chain from roundworm infestation, to hemoglobin blood concentrations (with low hemoglobin indicating anemia) to weight and height z-scores (columns 6-11). While columns 1-5 are estimated at the household level, the health regressions are estimated at the child level. The sample of children is those aged 0 to 5 at endline.
Column 6 of Table 2 shows that treatment is associated with an approximately 46% decrease in roundworm infestation. This is a large decrease, which is surprising given the relatively modest increase in access to sanitation. Such a large decrease in roundworms would have the potential to have significant impacts on nutritional intake and so might be expected to be reflected in anemia, weight or height gains. However, we do not find any significant treatment effects on hemoglobin concentrations, weight or height z-scores.
In column 11 we generate an overall health index. Following Kling et al. (2007) and Casey et al. (2012) , we construct the index by orienting all variables so that the positive direction indicates a better outcome; demeaning all re-oriented outcomes and dividing each variable by the control group standard deviation; and calculating the average of these variables. While the coefficient on treatment is positively signed, it is not statistically significant (column 11).
Heterogeneous treatment effects

Scale up
CLTS forms part of the Indonesian government's national strategy to improve environmental and health outcomes in rural areas. Ensuring sustainability of the project by embedding implementation in district governments was the key element of the scale up strategy. WSP followed the World Health Organization's documented steps for developing a successful scale up strategy which were formed on the basis of evidence gathered over years of experience in scaling up public health 9 For the attitudinal measure the respondent is asked whether s/he agrees, strongly agrees, disagrees or strongly disagrees with: Having a toilet of our own will stop my family becoming a target of gossip; Sanitation facilities in this village improves the community as there is no longer environmental pollution; Most people that I know defecate in a toilet; It is OK to defecate in the open as our ancestors did; Having our own toilet will reduce the likelihood of family members getting diarrhea; It is OK to defecate in the river as others do it; It is acceptable for children to defecate in the open; It is acceptable to defecate in the open if you don't have a toilet; People who defecate in the open will not be accepted by the community. The aggregated attitudinal measure is the sum of responses to these 9 questions about attitudes toward open defecation (oriented so a higher score indicates greater intolerance of open defecation). 45 is the maximum score possible and is the highest level of intolerance while 9 is the minimum score possible and reflects total acceptance of open defecation. For the knowledge of the causes of diarrhea the caregiver is asked to indicate whether the following activities cause diarrhea: drinking dirty water; using dirty latrines; other people defecating in the river; other people defecating in another open space (yard/rice field/beach/etc); not washing hands with water; not washing hands with soap. The aggregated knowledge measure is a score out of 6 with a score of 6 indicating that the respondent got all of the questions correct. Note: These are summary statistics (means) using the baseline data. RA (LG) Treatment indicates villages which were assigned to implementation by a resource agency (local government). Information on roundworm prevalence and intolerance of open defecation is not available at baseline. The p-values are generated from tests of statistical difference between treatment and control communities.
interventions . 10 The scale up model used was the widely-employed "Training of Trainers" (Binswanger and Nguyen, 2004) . WSP trained staff at resource agencies (RA) which had successfully bid for the work and then these resource agencies trained local government (LG) officials in 10 Owing to CLTS forming part of a Gates Foundation global learning agenda, the CLTS program itself and the scale up strategy are unusually welldocumented. For example, see Kar and Chambers (2008) ; Rosenzweig and Kopitopoulos (2010) ; Mukherjee (2009 Mukherjee ( , 2011 Pinto (2013) ; for a global discussion see Chambers (2009) . The WHO scale-up strategy includes identifying, documenting and assessing the nature of the innovation to be scaled up; increasing the capacity of the implementing agency; assessing the broader environment in which the project is to be scaled up; supporting the resource team which will support the scale up; embedding the project within the institutions of the target country; and documenting the scale up strategy. CLTS with the local government then taking over and scaling up the program to all villages (Rosenzweig and Kopitopoulos, 2010) . A portion of this training was done by demonstration or "learning-by-doing", as LG officials observed RAs triggering some villages. This process took place at the time of the RCT. Amongst the treatment villages in our sample, we have 39 villages triggered by the RAs and 41 villages triggered by the LGs.
There are a number of reasons why program impacts may differ when conducted at scale:
1. Demographic context. Different characteristics of target populations when at scale. 2. Design effects. Differences in program design that are necessary to bring the program to scale. 3. Scale effects. General equilibrium effects associated with the scale of the project, including spillover effects. Notes: We report results from OLS regressions (equations (1) and (2)). The dependent variables are: Toilet Construction which equals 1 if the household built a toilet since baseline and 0 otherwise; Intolerance of Open Defecation which is the sum of responses to 9 questions about attitudes toward open defecation (45 is the maximum score possible and is the highest level of intolerance while 9 is the minimum score possible and reflects total acceptance of open defecation); Diarrhea Knowledge which is a score out of 6 based on six questions about possible causes of diarrhea (a score of 6 indicates that the respondent got all of the questions correct); roundworm prevalence (eggs/g); hemoglobin (g/l); weight and height z-scores of children 0-5; and an index of roundworm, hemoglobin, weight z-scores, and height z-scores. RA (LG) treatment indicates villages are assigned to implementation by a resource agency (local government). Standard errors are clustered at the village level and are reported in parentheses. All specifications include sub-district fixed effects and household control variables (household size, the household head's age and educational attainment, household composition, log of per capita household income, eligibility for low income support and dwelling characteristics) and village control variables (the village population, village land area, the percentage of the village which is Muslim, whether there is a paved road to the nearest city, average years of education of household heads, whether a river flows through the village, and the percentage of households in the village who open defecated at baseline). Columns 6-11 also control for the sex of the child, and dummy variables for age in months of the child. * * * indicates significance at 1% level, * * at 5% level, * at 10% level.
4. Implementation agent effects. The identity of the implementing agency may alter incentives.
In our context, many of these effects are not present. For example, as the program was implemented simultaneously by both RAs and
LGs, any general equilibrium effects will be common to both treatment types. General equilibrium effects could include spillovers resulting from widespread increased demand for sanitation (e.g. latrine price changes and spillovers in information about the benefits of sanitation from treatment villages to control villages). In addition, the geographic and demographic context did not differ systematically and the project design is identical. Hence, it is a situation where there is a reasonable likelihood of successful scale up being achieved. The only potential difference between RA and LG implementation is in the implementation agent effect. That is the implementing actors and their associated administrative constraints differed. 11 Villages were not randomized into LG vs RA status, though discussions with WSP suggest there was nothing systematic about how these decisions were made. If the characteristics of villages differ with implementing agency then we could falsely ascribe differences in program effectiveness to LG versus RA triggering. Tests of whether villages that were assigned to be triggered by local governments are otherwise similar to the villages that were assigned to be triggered by resource agencies are presented in columns 4-6 of Table 1 . Table 1 shows the villages are remarkably similar. There are no observable differences in the demographic and socio-economic composition of the villages. There are also no significant differences in access to sanitation or open defecation rates at baseline. This is important because if local governments are cherry-picking villages so as to work with communities that are most likely to become open defecation free then we would expect to see differences in baseline sanitation.
We also examine differences at the village level which might influence the population's interest in sanitation (panel C, Table 1 ). There are no differences in most of the village characteristics, including the accessibility of the villages (having a paved road to the nearest town and the distance to the city), levels of social capital, and whether a river runs through the village. Defecating in rivers is common practice in Indonesia and CLTS field workers report that motivating households to build toilets in villages that are on a river is more difficult (Mukherjee, 2011). There is also no difference in the percentage of households in the village that open defecate at baseline. The only difference we observe is that the RA-assigned villages have a significantly smaller population than LG-assigned villages. We control for village population in the specifications below. Population is not a significant determinant of the probability of building a toilet nor of the key health outcomes.
Poverty status
As discussed earlier, program impact may also vary with the poverty status of the household, as CLTS does not provide financial assistance in any form to poorer households, the ability of poorer households to participate in the program by constructing a toilet may be limited. Toilet construction requires a significant outlay of capital. In the endline 11 The categorization here draws from and augments Grossman et al. (2015) who attribute the lower uptake in the scaled up version of the political engagement technology they study to a design effect-invitations to participate were given over the radio, rather than in person during a survey and an implementation agent effect-scale up involved implementation by parliament and promotion by politicians which may have altered incentives. The lack of replicability found in the teaching intervention in Bold et al. (2013) is slated to a combination of general equilibrium effects arising from political economy forces associated with union resistance to the hiring of a large number of contract teachers, and implementation agent effects. A further related study, Berge et al. (2012) , examines implementation agency effects but in the context of a smallscale business training program in Tanzania. It finds that the training was much more effective when implemented by professional trainers rather than by a local NGO.
survey, cost is the most frequently reported obstacle to building a toilet, reported by 47% of households. Further, less than 5% of poor households report having sufficient savings to cover the cost of building a latrine (estimated by WSP to be USD 46). 12 Credit is rarely used as a financing mechanism, likely due to lack of availability and/or high interest rates. Only 2.5% of households who built a toilet report borrowing to do so.
We examine the heterogeneity of program impact by poverty status and implementer identity simultaneously. We generate an indicator to identify poor households with a household being deemed poor if they are in the bottom quartile of the distribution of non-land assets. 13 We include this variable in the regressions interacted with treatment status and implementer identity.
Estimation strategy
Equation (2) is the estimating equation that allows for treatment effects to differ both by poverty status and the identity of the implementer. We note that we only test for heterogeneity among the dependent variables with a statistically significant average treatment effect (toilet construction, intolerance of open defecation, and roundworm). The outcome measures are regressed on a treatment dummy interacted with both implementing agency and poverty status. T RA * Poor ij equals one if household i in village j is poor and village j was assigned to be triggered by an RA and zero otherwise; T RA * Nonpoor ij equals one if household i in village j is not poor and village j was assigned to be triggered by an RA and zero otherwise. T
LG * Poor ij and T
LG * Nonpoor ij are defined analogously when village j is assigned to local government implementation. The estimating equation is:
LG * Nonpoor j
The coefficients of interest are 1 , 2 , 3 , and 4 . Comparisons of these coefficients reveals the differential impact of implementing agency for poor and less poor households. All other variables are as defined previously.
Results
Column 2 in Table 2 presents the results for toilet construction. Toilet construction increases significantly only among less poor households in treatment villages where the program was implemented by a resource agency. Non-poor households in these villages increased their toilet construction by 7.2 percentage points relative to non-poor households in control villages. The impact on toilet construction by poorer households in these treatment villages is not significant statistically (with a negative point estimate) and there are no significant impacts for households, whether poor or non-poor, in treatment communities where implementation was by local government. The difference in treatment impact between poor and non-poor households in RA treatment villages is statistically significant (p = 0.02), as is the difference between the impact on non-poor households in RA and LG villages (p = 0.06). We can also reject that all of the coefficients on the treatment variables are equal (p = 0.09).
These results call into question CLTS's strategy of not providing subsidies for toilet construction since poorer households are no more likely to build toilets in treatment communities than in control communities, and the cost of construction is reported as a main obstacle to improving sanitation. In fact, recent empirical evidence suggests a crucial role 12 See http://millionssaved.cgdev.org/case-studies/indonesias-totalsanitation-and-sanitation-marketing-program. 13 Note that most households in our sample are poor in the sense of being below the national poverty line. Here we are defining "poor" to capture the poorer households within our sample.
for subsidies (Dupas, 2014 Guiteras, Levinsohn and Mobarak (2015) show that in Bangladesh, subsidies to the poor increase toilet ownership both among subsidized households and their unsubsidized neighbors, which suggests that investment decisions are interlinked across neighbors. Column 4 presents results of the same specification but with the score for intolerance of open defecation as the dependent variable. Interestingly, the results for attitudinal change show a corresponding decrease in tolerance of open defecation among the non-poor in communities where a resource agency is the implementing agency, suggesting that the resource agencies are more effective at generating attitudinal change and that the program has difficulty affecting the attitudes of households who are least able to afford sanitation.
We also examine whether these differential improvements in sanitation infrastructure by triggerer identity and poverty status are apparent in the roundworm finding. Column 7, Table 2 shows that the reductions in roundworm are concentrated among less poor households in RA villages. In contrast, this coefficient for LG villages is not statistically significant (and close to zero). The difference between RA and LG villages is significant at the 1% level. 14
How does RA implementation differ?
Table 3 compares facets of program implementation across treatment villages triggered by RA or LG. We investigate whether the way information was disseminated to the community (panel A); the extent of program engagement with village staff (panel B); the intensity of implementation and the use of rewards or competitions (panel C), and the extent of community participation (panel D) were different between RA and LG villages. We first present an overall measure for each panel and then include results for the individual variables that contribute to these measures in the subsequent columns. The summary measure for each overall indicator is defined in the table notes in Table 3 .
There is no significant difference in the way the RAs and LGs disseminated information about the project (via TV, radio, print media, video, notices in shop windows or on village notice boards). The RAs are however more likely to engage with village staff, in particular, with the village office and with village health post volunteers. The intensity of implementation is greater in RA villages (driven by a greater number of facilitators visiting the communities, and facilitators making more visits). Most villages received only one visit from the team, some villages received two visits and a small number received three. RA facilitators made 0.42 more visits to villages than LG teams (significant at the 5% level). RA implementation also results in significantly greater community participation. Respondents in RA-triggered treatment villages are 13 percentage points more likely to have heard about the program and 14 The estimated poor performance of LGs relative to RAs in terms of toilet construction, attitudes towards open defecation and roundworm prevalence could reflect lesser adherence by the local governments to the treatment assignment. To investigate this possibility we estimated two stage least squares regressions where we instrument for whether a triggering (by either a RA or LG) was confirmed by community survey respondents as having taken place with whether the village was assigned to be a treatment village, and its interaction with whether the village was assigned to be triggered by a RA. This strategy allows for the differential effect on the probability of a treatment village actually being triggered depending on whether it was to be triggered by a resource agency or local government. The instruments are strongly predictive and the second stage results are consistent with the OLS results. Results are available upon request.
12 percentage points more likely to have known about the triggering event.
In the field one hears a lot about the importance of the "quality" of the facilitator. In order to test whether the RA facilitators are "better" than the LG facilitators, we collected information from respondents on their perceptions of how charismatic/persuasive the facilitators were. We find no significant difference in the average reported persuasiveness of the facilitators (column 15). An examination of various program reports reveals that there was general satisfaction of WSP staff with the quality of the RA training of facilitators (Rosenzweig and Kopitopoulos, 2010) .
Role of social capital
Given the community-led, participatory nature of CLTS it seems likely that initial levels of social capital in treatment villages would impact on program effectiveness. A higher level of social capital is thought to facilitate collective action by lowering the costs associated with such action (Casey et al., 2012) ; by reducing the problem of free riding; and facilitating the transmission of knowledge about the behavior of others and hence reducing the problems of opportunism (Collier, 1998) . Communities with a greater degree of pre-existing community interaction are likely to be better prepared to cooperate and also have a greater store of community knowledge on which to draw when targeting the poor and prioritizing community needs. Conversely, communities with low stocks of social capital might struggle to work together and agree on community priorities.
High levels of social capital within a community may also result in households internalizing the social benefit of the provision of private goods, (Karlan, 2005) . If a household builds a toilet and stops defecating in the village stream then other villagers benefit from this. If communities with higher levels of social capital internalize these social benefits more, they are likely to be more interested and willing to work together to improve the community's sanitation. Research on the relationship between initial levels of social capital and outcomes of participatory development programs is almost non-existent and where it does exist, data limitations mean that the direction of causality is not clearly identified. 15 Reports from field workers suggest that the CLTS approach is particularly effective in settlements with a sense of community (Chambers, 2009 Isham and Kähkönen (1999) and Isham and Kähkönen (2002) use crosssectional data from villages participating in community-based water interventions in Indonesia, India, and Sri Lanka, respectively, and find that higher levels of social capital are positively associated with greater household participation in the selection of the type of water infrastructure and construction monitoring, and that this can lead to greater health improvements. Pargal, Huq and Gilligan (1999) find that social capital is positively associated with voluntary solid waste management systems arising in Dhaka, Bangladesh. Evidence from case studies is mixed (Uphoff and Wijayaratna, 2000) . 16 In addition to seeking to improve living standards in poor communities, participatory development projects are often explicitly viewed as a vehicle for building social capital. By empowering communities and providing a reason and process by which community members can work together for a common goal, participatory development provides a potential mechanism for increasing community member interactions, forging relationships and building trust (Avdeenko and Gilligan, 2015) . In the long-run, gains in social capital might facilitate economic development and help to sustain program impacts (Dongier et al., 2003; Mansuri and Rao, 2004) ). In results reported in a working paper now subsumed by this paper we explore this issue in the context of CLTS and find that the program did not build social capital. In fact, treatment reduced trust in already low social capital settings. For surveys of evidence on this issue see Wong (2012), Mansuri and Rao (2004) , and Mansuri and Rao (2012). Notes: The sample is restricted to observations in villages which were treated. We report the coefficient on the indicator that the village was treated by a resource agency (RA) 
Social capital empirical strategy and results
To examine the impact of social capital on the success or otherwise of the sanitation program we construct a village social capital index from data collected at baseline on participation in community groups and the extent of networks in the village. The index is constructed in the same way as we calculated the index of health outcomes above, following Kling et al. (2007) . Table A2 in the appendix provides details of the household-level social capital variables collected at baseline that are used to construct the index. As we are interested in village level social capital, the index is calculated from village averages of each of these variables. Table A2 shows that the social capital variables are balanced between treatment and control. There are no significant differences in any of the individual social capital variables, nor in the village social capital index. This is true across the entire sample and also within the sub-sample of households who do not have sanitation at baseline. We estimate the social capital regressions over households that had no access to sanitation at baseline so as to focus on households which can improve their sanitation through building a toilet in response to the program. In the previous sections when we were looking at both toilet construction and health outcomes, we examined estimates over the whole sample as health benefits may accrue to those who built a toilet as well as other households in the community. Table A3 additionally shows that access to sanitation, improved water sources and sanitation behavior (handwashing) is balanced at baseline in the sub-sample for which we have social capital data.
We allow for program impact to differ with the level of baseline social capital (and implementing agency and poverty status) by adding three additional regressors to equation (2). The additional variables are the index of social capital at baseline; the index of baseline social capital interacted with a treatment dummy; and the index of baseline social capital interacted with RA treatment.
The estimating equation is:
LG * Poor j
The new coefficients of interest are 5 , 6 , and 7 . Everything else is as before.
The results from estimating equation (3) for toilet construction are reported in Table 4 . We first show the average treatment effect for this smaller sub-sample. Column 1 shows that households in the social capital sample who did not have sanitation at baseline are 6 percentage points more likely to build a toilet than like households in control villages. Columns 2 and 3 include the interactions between treatment status, implementer identity, poverty status, and baseline village social capital (with and without controls). The level of social capital at 
Observations 596 596 596 596 596
Notes:These are OLS regressions on the sample of households that did not have access to sanitation facilities at baseline for the social capital sample from equations (1) and (3). All specifications include sub-district fixed effects. Standard errors clustered at the village level and are reported in parentheses. * * * indicates significance at 1% level, * * at 5% level, * at 10% level. RA (LG) Treatment indicates villages assigned to implementation by a resource agency (local government). Village Social Capital BL is the baseline village social capital index constructed from the variables in Table A2 . Column 5 drops the interactions with quintile of the baseline village social capital which are not statistically significant in column 4. Columns 3-5 include the usual set of controls -household control variables (household size, the household head's age and educational attainment, household composition, log of per capita household income, eligibility for low income support and dwelling characteristics) and village control variables (the village population, village land area, the percentage of the village which is Muslim, whether there is a paved road to the nearest city, average years of education of household heads, whether a river flows through the village, and the percentage of households in the village who open defecated at baseline).
baseline in treatment villages is strongly positively associated with the probability of toilet construction, particularly in RA treated villages. A one standard deviation increase in the baseline community participation index is associated with approximately an 11.3 percentage point (188%) increase in the probability that a household built a toilet (significant at the 5% level). This is a large increase and signifies substantial variation in program success dependent on the initial level of community participation. The program impacts are concentrated among the non-poor in RA villages with high levels of baseline social capital. A comparison of these results with and without controls establishes that the inclusion of controls does not substantially alter the estimated impacts. Columns 4 and 5 in Table 4 allow for non-linearities in the impact of baseline village social capital. We interact treatment with indicators of quintiles of the distribution of the baseline social capital index. Toilet construction is spurred by being in the top two quintiles of the social capital distribution in RA treatment villages. In villages with very low levels of community participation (lowest quintile) toilet construction is approximately 16 percentage points lower in treatment villages than in similar control villages. The linear model also predicts that fewer toilets are constructed in treatment communities than control communities when social capital is low. In the raw data, 11 percent of households constructed toilets in treatment communities in the lowest quintile of the social capital distribution compared to 20 percent in similar control communities.
Mechanisms for the social capital result
We test three hypotheses to better understand what might be driving the social capital results. First, a more active community may mean a better informed community as members know each other better and Notes: These are OLS regressions for the entire sample of treatment households for which we have social capital data. Village Social Capital BL is the baseline village social capital index constructed from the variables in Table A2 . All regressions include household control variables (household size, the household head's age and educational attainment, household composition, log of per capita household income, eligibility for low income support and dwelling characteristics) and village control variables (the village population, village land area, the percentage of the village which is Muslim, whether there is a paved road to the nearest city, average years of education of household heads, whether a river flows through the village, and the percentage of households in the village who open defecated at baseline). Standard errors clustered at the village level and are reported in parentheses. * * * indicates significance at 1% level, * * at 5% level, * at 10% level.
exchange information when they meet. To examine this hypothesis we construct an index of information shared within the community at endline from variables reflecting whether the household reported that they knew about the triggering event; whether they learned about sanitation construction from other community members; and whether knowledge about the causes of diarrhea increased between baseline and endline. 17 Whether villages with higher levels of baseline participation have greater information flows at endline is tested by regressing this index on baseline village social capital. Baseline social capital is not associated with significantly greater information flows (see Table 5 , column 1). Second, in more active communities, people may be more willing to be actively involved and share resources as a result of knowing each other better. In the CLTS context this may result in being more likely to attend the triggering event and more shared and public toilets being built. To test this hypothesis we construct an index from these two variables and examine its relationship with the baseline social capital index. Baseline social capital is not a significant determinant of active involvement and sharing of resources (see Table 5 , column 2). 18 The final mechanism we examine is whether social sanctions play a greater role in encouraging households to build toilets in communities with more social capital. If household members know their community better, they may be more concerned about what other community members think of them. We construct an index of sanctions from reports on a scale of 1 (strongly agree) to 5 (strongly disagree) on whether building a toilet reduces the likelihood of being a target of gossip; whether those who defecate in the open will not be accepted by the community; and whether the community imposes social sanctions on those who defecate in the open. Table 5 (column 3) shows that villages with higher levels of social capital at baseline are more likely to impose sanctions, consistent with these communities being more able to regulate behavior by the use of social opprobrium.
Conclusion and policy implications
CLTS modestly increased the rate of toilet construction and reduced community tolerance of open defecation. We find an associated decrease in roundworm infestations but no improvements in children's hemoglobin levels, weight or height. An index of child health also shows no significant overall improvement. Although the rate of toilet construction increased about four percentage points among less poor 17 The method of Kling et al. (2007) is used to construct the indices in Table 5 . 18 We also directly examine the construction of public and shared toilets. More active communities do not build more public and shared toilets. households, the poorest households did not build toilets. This highlights potentially important roles for the provision of finance to poor households and/or subsidies for the poor in conjunction with CLTS in producing open defecation free communities (and the possible concomitant health benefits).
The examination of the scale up process shows that CLTS had relatively large positive impacts in villages where the program was implemented by RAs. In contrast, with the identical program design, the same demographic composition of participating households, and common general equilibrium effects, implementation by local governments failed to produce any discernible positive impacts. Understanding what makes for successful scale up is of prime importance to the development sector. Currently there are very few studies that explicitly examine the scale up process through the lens of a rigorous quantitative evaluation and the studies that exist find either a lack of replicability at scale or that successful scale up is not straightforward and involves considerable learning from failure. Integration of quantitative evaluation, qualitative research, and high quality monitoring data is likely to improve researcher and program implementers' ability to understand the causes of success and failure, so as to increase the likelihood of successful scale up in the future. 19 Finally, our results show that CLTS increased toilet construction in villages with sufficiently high pre-existing social capital in the form of community participation. In villages with low initial levels of social capital, however, the program was counterproductive-resulting in fewer toilets being built. We present evidence consistent with high social capital communities being better able to use social pressure to get community members to conform with program objectives. Our finding are thus cautionary with respect to using participatory development approaches in low social capital environments and at the very least suggest a need for greater investment in community-support for participatory development programs in areas with demonstrably low social capital. (1) and (2)). The dependent variables are: Toilet Construction which equals 1 if the household built a toilet since baseline and 0 otherwise; Intolerance of Open Defecation which is the sum of responses to 9 questions about attitudes toward open defecation (45 is the maximum score possible and is the highest level of intolerance while 9 is the minimum score possible and reflects total acceptance of open defecation); Knowledge of Causes of Diarrhea which is a score out of 6 based on six questions about possible causes of diarrhea (a score of 6 indicates that the respondent got all of the questions correct); roundworm prevalence (eggs/g); hemoglobin (g/l); weight and height z-scores of children 0-5; and an index of the roundworm, hemoglobin, weight and height z-scores. RA (LG) treatment indicates villages are assigned to implementation by a resource agency (local government). Standard errors are clustered at the village level and are reported in parentheses. * * * indicates significance at 1% level, * * at 5% level, * at 10% level. Notes: This table shows the means for each of the variables which are used to generate the village social capital index, for all households as well as for the sub-sample of households that did not have private sanitation facilities at baseline. It also presents the means of the index. The p-values in columns 3 and 6 are generated from tests of statistical difference between treatment and control communities. * * * indicates difference is significant at 1% level, * * at 5% level, * at 10% level. Notes: These are summary statistics (means) using the baseline data from the social capital sample. Intolerance of Open Defecation is the sum of responses to 9 questions about attitudes toward open defecation (45 is the maximum score possible and is the highest level of intolerance while 9 is the minimum score possible and reflects total acceptance of open defecation); Knowledge of causes of diarrhea is a score out of 6 based on six questions about possible causes of diarrhea (a score of 6 indicates that the respondent got all of the questions correct). The p-values are generated from tests of statistical difference between treatment and control communities. * * * indicates difference is significant at 1% level, * * at 5% level, * at 10% level.
